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Background Pediatric hand burns are a difficult problem because they lead to serious hand 
deformities with functional impairment due to rapid growth during childhood. Therefore, 
adequate management is required beginning in the acute stage. Our study aims to establish 
surgical guidelines for a primary full-thickness skin graft (FTSG) in pediatric hand burns, based 
on long-term observation periods and existing studies. 

Methods From January 2000 to May 2011, 210 patients underwent primary FTSG. We 
retrospectively studied the clinical course and treatment outcomes based on the patients' 
medical records. The patients' demographics, age, sex, injury site of the fingers, presence of 
web space involvement, the incidence of postoperative late deformities, and the duration of 
revision were critically analyzed. 

Results The mean age of the patients was 24.4 months (range, 8 to 94 months), consisting of 
141 males and 69 females. The overall observation period was 6.9 years (range, 1 to 11 years) 
on average. At the time of the burn, 56 cases were to a single finger, 73 to two fingers, 45 to 
three fingers, and 22 to more than three. Among these cases, 70 were burns that included a 
web space (33.3%). During the observation, 25 cases underwent corrective operations with 
an average period of 40.6 months. 

Conclusions In the volar area, primary full-thickness skin grafting can be a good indication 
for an isolated injured finger, excluding the web spaces, and injuries of less than three fingers 
including the web spaces. Also, in the dorsal area, full-thickness skin grafting can be a good 
indication. However, if the donor site is insufficient and the wound is large, split-thickness 
skin grafting can be considered. 
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INTRODUCTION 

The surface area of the hand accounts for less than 5% of the total 
body surface area; however, its functional role is very important; 
making functional impairment a significant factor for a patient s 
return to normal social life. The occurrence of hand burns in 



pediatrics is reported to account for 15% of overall burn cases, 
which makes these burns quite common [l]. In particular, un- 
like adult hand burns, pediatric hand burns undergo functional 
and aesthetic after-effects due to rapid developmental growth 
during childhood. Therefore, appropriate treatment at an early 
stage is very important. A surgeon preparing to operate on deep 
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second- or third-degree burns must consider whether to operate 
using split-thickness skin grafting or full-thickness skin graft- 
ing. This study provides a comparative analysis of the existing 
studies of reconstruction operations carried out over the past 
12 years on pediatric hand burn patients who have undergone 
primary full-thickness skin grafting. This study also included a 
retrospective analysis of outcomes for patients who underwent 
full-thickness skin graft at our hospital. The study suggests guide- 
lines for full-thickness skin grafting based on our experience. 

METHODS 

This study examined 210 patients who visited the hospital due to 
hand burns and received a full-thickness skin graft from January 
2000 to May 201 1. All patients were operated on within 2 to 3 
weeks after burn injury. After confirming a decrease in inflamma- 
tion signs (reduced edema, swelling, exudates), skin grafting must 
be performed after removing suspicious burn wounds including 
any unstably healed wound margins. All skin grafts were harvest- 
ed from the inner aspect of the inguinal area to hide the scar expo- 
sure. After meticulous bleeding control, each hand axis must also 
maintain a radial shape and have a maximum skin grafting surface 
area with web space extension using a K-wire fixing method. We 
applied a single sheet skin graft as often as possible [2]. 
The patients' age, gender, the area of hand burn, the number 



Table 1 


. Patients data 


















Mode of burns 






Steam Contact 


Electri- 
cal 


Friction 
injury 


Scalding 


Flame Total 


Age (mo) 
0-12 
12-36 
36-72 
72 more 


53 
28 
3 
1 


16 
30 
4 
3 


2 
25 
11 

2 


3 

10 
5 
1 


3 
2 
3 
2 


1 78 
1 96 
26 

1 10 


Total 


85 


53 


40 


19 


10 


3 210 





of affected fingers, and the presence of burns on the web space 
were analyzed. The patients with an average observation period 
less than 1 year were excluded from this study because revisions 
were performed at least 1 year after the operation. Post-surgical 
outcomes were analyzed according to scar contracture forma- 
tion, the need for reconstruction due to the presence of web de- 
formity, the type of reconstructive surgery, and the time elapsed 
until reconstruction; the results were compared with those of 
existing studies. Statistical analysis was performed using Fisher s 
exact test and Pearsons ^ test to evaluate the revision rate. 

RESULTS 

The patients' ages were 8 to 94 months when their respective 
burns occurred, with an average age of 24.4 months. The pa- 
tients included 141 males and 69 females. The modes of the 
burns were as follows: 85 steam burns, 53 contact burns, 40 
electrical burns, 19 friction injuries, 10 scalding burns, and 3 
flame burns (Table l). Full-thickness skin grafting was per- 
formed in 25 cases on the dorsum of the hand and 185 on the 
volar area. The number of fingers affected was 56 cases on a 
single finger, 73 cases on two fingers, 45 on three fingers, and 
22 on more than 3 fingers. In total, 70 of these cases involved 
a web space burn. Nine involved isolated dorsum burns, and 7 
involved palmar burns. During the average 6.9-year observation 
period (l to 11 years) for the 210 patients, a full-thickness skin 
graft was re-performed due to scar contracture formation in 
5 cases, local flap was performed due to deformity of the web 
space in 10 cases, and both full- thickness skin grafting and local 
flap were performed in 10 cases. After the primary full-thickness 
skin grafting, the average period to revision was 40.6 months 
(Table 2). The revision rate was higher in cases that included the 
web space than in the cases that did not include the web space 
(P < 0.001 ). The revision rate was higher in the volar area than 
the dorsum area (P = 0.020) and was higher in the cases that in- 
volved more fingers regardless of the site (P < 0.00 1) (Table 3). 



Table 2. The number of primary full-thickness skin grafting operations and revisions according to the number of digits and sites 






Dorsal side 


Volar side 




No. of digit 


Not involve 
webspace 


Involve 
webspace 


Not involve Involve 
webspace webspace 


Total 


Not involve finger (only dorsum/palm) 

1 

2 

3 

3 more 
Total 


9/1 (11. 

1/0 
7/0 
3/0 
0/0 
11/0 


D 

0/0 
2/0 
1/0 

2/1 (50) 
5/1 (20) 


5/1 (20) 
50/1 (2) 5/0 
34/1 (2.9) 30/4(13.3) 
22/1 (4.5) 19/7(36.8) 
9/1 (11.1) 11/7(63.6) 
115/4(3.4) 65/18(27.7) 


14/2 (14.2) 
56/1 (1 .8) 
73/5 (6.8) 
45/8 (17.8) 
22/9 (40.9) 
196/23 (11.7) 


Total 


25/2 (8) 




185/23 (12.4) 


210/25 (11.9) 


Values are presented as number (%). 
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Case 1 

An 8-month-old male patient visited the hospital due to a steam 
burn. Necrotic tissue and granulation tissue were observed on 
the 2nd and 3rd fingers; the web space was not involved. The 
patient underwent a full-thickness skin graft 20 days after the 
burn injury and the skin was harvested from the inner side of 
the inguinal area. The site showed hyperpigmentation 9 years 
after the operation; but there were no signs of scar contractures 
or hypertrophic scars (Fig. l). 



Case 2 

An 8-month-old female patient visited the hospital due to a 
steam burn by a rice cooker. A deep second-degree burn was 
observed^ and 15 days after the burn injury debridement and 
full-thickness skin graft was performed on the 4th and 5th fingers 
along with the web space. The skin was harvested from the inner 
aspect of the inguinal area. The site showed hyperpigmentation 
4 years after the operation; but showed no deformity of the web 
space or motion limitation (Fig. 2). 



Table 3. Incidence of revision operation from primary full- 
thickness skin graft 



Site Websapce involvement 

Dorsal Volar D . a) Not . . D . a J 

P-value ' . Involve P-value ' 

area area involve 



Incidence 2/25 23/185 



0.020 



4/126 19/70 <0.001 



a) Chi square test. 



Case 3 

A 12-month-old male patient visited the hospital due to a con- 
tact burn caused by touching a hot pot lid. Unhealthy granula- 
tion tissue formed; and seventeen days after the injury debride- 
ment of the 2nd ; 3rd; and 4th fingers; including the web spaces ; 
and full-thickness skin graft was performed. On follow-up; 4 
years and 6 months after the operation; contracture was detected 



Fig. 1. Injury of double digits excluding the web space by rice cooker steam 



(A) Nineteen days after the burn injury. Note the presence of necrotic tissue and the unstable marginal wound on the 2nd and 3rd finger. (B) Five days 
after a full-thickness skin graft. (C) Nine years after the operation. Hyperpigmentation at the site was observed, but no sign of deformity. 




Fig. 2. Injury of double digits including the web space by rice cooker steam 



| (A) Fourteen days after burn injury. (B) Debridement and full-thickness skin graft were performed on the 4th and 5th fingers along with the web space. (C) 
r years after the operation. No motional limitation occurred. (D) Long-term outcome of the donor site. The donor scar can be hidden by innerwear. 
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Fig. 3. Injury of triple digits including the web space in between the digits by a hot pod lid 



(A) Sixteen days after burn injury. An unhealthy granulation tissue formed. (B) On follow-up, 4 years and 6 months after primary full-thiekness skin graft, 
a linear contracture band occurred due to the deformity of the web space. (C) Postoperative results of the V-M flap 6 years after the burn injury. No 
limitation in range of motion interrupting digital abduction occurred. 




due to the deformity of the web space between the second and 
third finger. A V-M local flap was then performed. Hyperpig- 
mentation was observed 6 years after the burn, but no signs of 
web space deformity hypertrophic scarring; or motion limita- 
tion were observed (Fig. 3). 

DISCUSSION 

Unlike adult hand burns, pediatric hand burns remain a difficult 
problem because of the serious risk of hand deformity along 
with functional impairment due to cicatricial contracture, which 
results from a patient s rapid growth during childhood. Decid- 
ing to perform split-thickness skin grafting or full-thickness skin 
grafting in the acute phase is always complicated at the time of 
the burn. Several clinics have suggested that full-thickness skin 
grafting in an acute pediatric hand burn may cause scarring at 
the base of the grafting site due to continuous inflammation; 
hence, a previous study has recommended general wound treat- 
ment until the wound remodeling period has ended, and then 
repair of the cicatricial contracture should be performed [2]. 
Additionally, in pediatric cases, it is difficult to determine the 
depth and range of a burn, and to also reach agreement on post- 
surgery management. 

The take rate of full-thickness skin grafts is lower than split- 
thickness skin grafts because of edema and inflammatory reac- 
tions; therefore, consideration is typically given to preserving 
the donor skin for further full-thickness grafts. However, a 
recent long-term analysis of pediatric hand burns confirmed 
that primary full-thickness skin grafting was superior to split- 
thickness grafts because it reduced the necessity of secondary 
reconstruction operations, and even if reconstruction was re- 
quired, full-thickness skin grafting could also delay the duration 



[3-5]. Therefore, a primary full-thickness skin grafting method 
and selection of the graft site are important for the preservation 
of relatively limited donor sites. 

To improve the take rate of primary full-thickness skin graft- 
ing, surgery should be performed during reduced inflammatory 
reaction conditions. Surgery performed within 2 to 3 weeks 
after an injury allows a surgeon to easily determine if the area re- 
quires debridement. After 3 weeks, the margin of debridement 
becomes unclear due to unstable re-epithelization; therefore, 
because the progress of scar contracture occurs faster in pediat- 
ric patients than in adults, postoperative physiotherapy should 
be performed as soon as possible. 

Recently, early excision and skin grafting have been advocated 
to reduce mortality, duration of illness, and the cost and length 
of hospital stay. Omar and Hassan [6] had reported that early 
excision and skin grafting had better results than delayed graft- 
ing such as preservation of hand function and shortened hos- 
pital stay. Tambuscio et al. [7] reported that early surgical treat- 
ment can reduce readmission for secondary revisions. However, 
unlike adults, in pediatric patients, it is difficult to judge the 
exact depth and range of excision within 5 days post-burn; even 
if the operation is performed, graft loss still occurs frequently. A 
decision well in advance is needed on the preservation of rela- 
tively limited skins from donors. 

Among the pediatric patients who were treated for acute burn 
injury without surgery and experienced hand deformation, flex- 
ion contracture accounted for 38% of the cases and cicatricial 
syndactyly accounted for 30% [8]. As a result of long-term ob- 
servation in our study, cases involving finger reconstruction of 
the volar side, excluding the web spaces, showed a markedly low 
revision rate (4/ 115, 3.4%) (Table 2). Additionally, by perform- 
ing full-thickness skin grafts, flexion contracture and cicatricial 



486 



Vol. 39 /No. 5 /September 2012 



Archives of Plastic Surgery A"PS 



Fig. 4. Outcome of skin harvested from the lateral aspect of the inguinal area 




(A) Full-thickness skin graft was performed. 
During the operation, donor skin was taken from 
the lateral aspect of the inguinal area, and after 
6 months, no hyperpigmentation was seen, (B) 
and the color of the left and right hand was 
indistinguishable. 



Fig. 5. Our algorithms for primary FTSG of pediatric hand burns 
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syndactyly did not occur. In other words, primary full- thickness 
skin grafting is a good indication for volar ringer reconstruction; 
excluding web spaces, regardless of the number of injured fin- 
gers. 

According to the long-term, 10-year observations on skin 
grafting such as the study by Chandrasegaram and Harvey [9], 
scar release operations were performed in 50% of the split- 
thickness skin grafts used on the volar area. Therefore, primary 
full-thickness skin grafting is a good choice from a revision rate 
perspective, even when web spaces are included (18/65, 27.7%, 
P = 0.045). However, in cases where more than 3 fingers are 
involved, including each web space, determining the appropri- 
ate region of debridement is difficult, and occurrence of scar 
contracture is high due to partial skin loss. Additionally, in our 



study, full-thickness skin grafting had to be re-performed during 
revision due to severe webbing deformity. In other words, pri- 
mary full-thickness skin grafting is not recommended for burns 
that encompass more than three fingers that include the web 
spaces. 

As reported by Chandrasegaram and Harvey [9], when per- 
forming split-thickness skin grafting, the dorsal area had a lower 
post-surgery contracture rate (4/19, 21%) than the palmar area 
(8/12, 67%). Split-thickness skin grafting on the dorsum of the 
hand (4/19, 21%) has been acknowledged as having a higher 
post-surgery contracture rate than full-thickness skin grafting at 
the same site (2/25, 8%); however, in cases of large burns that 
lack a donor site or when donor tissue requires preservation for 
further full-thickness skin grafting, split-thickness skin grafting 
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on the dorsal area can be considered. 

Even primary full-thickness skin grafting cannot avoid defor- 
mation of the web spaces. According to our study analysis, cases 
of burns that included the web space had a higher revision rate 
(20/70, 28.6%). However, even when a linear scar band that 
interferes with digital abduction occurs, this can be resolved 
using Z -plasty or V-M plasty without further skin grafting, and 
the operation period can be delayed until the deformity has es- 
sentially ceased [10]. 

The main limitation of full-thickness skin grafting is the result- 
ing color difference. In particular, palmar areas, like the soles, 
consist of a unique type of epidermis and thus show many 
differences from inguinal skin in properties including texture 
and hardness. To overcome this problem, our hospital used the 
lateral aspect of the inguinal area, which markedly reduced the 
obvious color differences (Fig. 4). 

The present study concluded that a maximum positive out- 
come could be obtained by following the below guidelines (Fig. 
5): l) To increase the take rate, a careful and technical debride- 
ment is required, and the operation should be performed when 
the inflammation reaction has decreased. The maximum skin 
grafting area must be obtained. 2) In the volar area when finger 
reconstruction excludes the web spaces, full-thickness skin graft- 
ing can be an absolute indication. Full-thickness skin grafting 
on less than 3 fingers including the web spaces may reduce the 
subsequent reconstruction rate. 3) In the dorsal area when only 
the dorsal hand area is burned, primary full-thickness skin graft- 
ing may be a good procedure to perform. However, if the donor 
site is insufficient and the wound is large, split-thickness skin 
grafting on the dorsal area can be considered. 4) Through regu- 
lar follow-up, web space deformity that interrupts digital abduc- 
tion can be resolved using a simple local flap. 5) To overcome 
the color difference, from an aesthetic point of view, donor skin 
should be obtained from the lateral aspect of the inguinal area. 



REFERENCES 

1. Cho KH, Jang YC, Lee JW, et al. Clinical and statistical 
analysis with age in cases of pediatric burn patients. J Korean 
Soc Plast Reconstr Surg 201 1;38:445-50. 

2. Oh SK, Lee JW, Oh SJ, et al. The management of pediatric 
steam burn caused by electric rice-cooker. J Korean Soc 
Plast Reconstr Surg 2003;30:767-72. 

3. Pensler JM, Steward R, Lewis SR, et al. Reconstruction of 
the burned palm: full- thickness versus split- thickness skin 
grafts-long- term follow-up. Plast Reconstr Surg 1988;81: 
46-9. 

4. Iwuagwu FC, Wilson D, Bailie F. The use of skin grafts in 
postburn contracture release: a 10-year review. Plast Recon- 
str Surg 1999; 103: 1 198-204. 

5. Schwanholt C, Greenhalgh DG, Warden GD. A comparison 
of full-thickness versus split- thickness autografts for the 
coverage of deep palm burns in the very young pediatric pa- 
tient. J Burn Care Rehabil 1993; 14:29-33. 

6. Omar MT, Hassan AA. Evaluation of hand function after 
early excision and skin grafting of burns versus delayed skin 
grafting: a randomized clinical trial. Burns 201 1; 37: 707- 13. 

7. Tambuscio A, Governa M, Caputo G, et al. Deep burn of 
the hands: Early surgical treatment avoids the need for late 
revisions? Burns 2006;32:1000-4. 

8. Kim MG, Seo HH. Analysis and treatment of postburn hand 
deformities due to burn scar contractures in children. J Ko- 
rean Soc Plast Reconstr Surg 1999;26:567-74. 

9. Chandrasegaram MD, Harvey J. Full- thickness vs split-skin 
grafting in pediatric hand burns: a 10-year review of 174 
cases. J Burn Care Res 2009;30:867-71. 

10. Kreymerman PA, Andres LA, Lucas HD, et al. Reconstruc- 
tion of the burned hand. Plast Reconstr Surg 201 1; 127:752-9. 



488 



